The potential toiicity of halogenated anaesthetics on cellular immunity has been investigated on guineapig macrophages in gas phase by measuring the adenosine 5' triphosphate (ATP) concentration in the macrophages. A toxicity index (TI) was obtained by comparing the ATP concentration in vapour or gas-exposed macrophages with that of control cells. The TI for 5% halothane in air after 24 h was 31.2 ± 8.3%. The TI for 5% enflurane in air was 12.7±6.6% (P<0.01). In an oxygen-enriched gas mixture (60%), the halothane TI increased to 65±6.6%, whereas that for enflurane remained at 15.4± 16.9% (P<0.01). In macrophages exposed to 1% halothane, or 2% enflurane, in 50% nitrous oxide in oxygen, for 3 and 6 h, the halothane TI (0.4±3.3%) and the enflurane TI (2.5±4.1%) did not differ significantly from the control group after 3 h. However, after 6 h exposure the halothane TI (31.3 ±9.6%) and the enflurane TI(17± 20%) were different (P ~ 0.05) from control. It is concluded that the prolonged administration of high concentrations of halothane and enflurane alone decreased macrophages ATP concentration. A high concentration of oxygen in the gas mixture increased significantly the halothane TI.
Impairment of ciliary movement and of the velocity of tracheal mucous have been reported with anaesthetic agents (Chalon, Loew and Malebranche, 1972; Forbes, 1973 Forbes, , 1976 Landa, Hirsh and Lebeaux, 1975; Iichtiger, Landa and Hirsh, 1975) . Moreover, pulmonary defence mechanisms mn be affected by anaesthesia (Brain, 1977; Voisin, 1979; Walton, 1979) especially when produced by volatile agents (Conklin and Shu Shan Lau, 1975; Hack et al., 1981; Manawadu, Mostow and La Force, 1979) .
Alveolar macrophages appear to be essential to the defence of the lung against bacteria (Goldstein et al., 1971; Goldstein and Bartlema, 1977; Voisin et al., 1980) and, as a result, the action of anaesthetic agents on their function is important (Hammer and Rannels, 1981; Welch, 1983) . Previously, in vitro investigations related to the toxicity of gas mixtures on alveolar macrophages have been performed in classical monolayer culture, with cells adhering to the flask and covered with the nutrient medium (Simon et al., 1977; Stevens and Autor, 1977) . Recently, an experimental model which permitted in vitro aerobic survival of alveolar macrophages (Voisin et al., 1977) , and ensured direct contact between the cells and the gas mixture, without any interposition of a liquid medium, has been used to study the effects of halothane and enflurane on alveolar macrophages under aerobic conditions which mimic those existing in the broncho-alveolar spaces.
MATERIALS AND METHODS Alveolar macrophages were harvested by broncho-alveolar lavage from Hartley guineapigs weighing 400-600 g. Pulmonary lavage was performed with Hanks buffer as described by Myrvik, Leake and Farris (1961) . The cells isolated by lavage were washed by centrifugation (800 g, lOmin) and resuspended to a concentration of 1 x 10 6 cells ml" 1 . Macrophages represented about 70-90% of the cells. Other cells harvested were bronchial cells, polynuclear cells, lymphocytes, and red blood cells. Alveolar macrophages were selected by adherence to glass. After 24 h in conventional monolayer culture, the cells were separated from their support by EDTA and deposited on a Gelman's membrane (0.2-/im pores) applied to the surface of a reservoir filled up with nutrient medium (B.E.M. solution plus antibiotics and newborn calf serum 10%), as described previously (Voisin et al., 1977) . Cells drew their nutrients through the pores by capillary attraction. The gas phase above the cells was replaced continuously with a saturated (37 °C) gas mixture containing oxygen-nitrogen-carbon dioxide (4:15:1). Under such conditions, guineapig alveolar macrophages were able to survive for 3 or 4 days, maintaining normal biological activities such as phagocytosis and the destruction of bacteria. Exposure of the alveolar macrophages to anaesthetics was performed using an air-tight chamber (I.G.R.) of 13-litre volume with blow-in and blowoff valves. Anaesthetic vapours were delivered through specific vaporizers (Fluotec Mark III, Enfluratec). Vapour concentrations were monitored by a gas analyser (Engstrom-Emma) and gas mixture was confirmed by flowmeters. When the miving of the anaesthetic mixture was sufficiently homogeneous in the chamber, the two valves were turned off. Temperature was maintained at 37 °C.
Two series of investigations were undertaken. In the first group, to demonstrate the existence of toxicity, macrophages were exposed to high concentrations of halothane (5%) or enflurane (5%) for long periods (24 h) with two different gas mixtures. The first corresponded to physiological conditions in the alveoli (oxygen-nitrogen-carbon dioxide 4:15:1) and the second to an oxygen-enriched mixture (oxygen-nitrogen-carbon dioxide 12:7:1). The effects of the mixture of halothane or enflurane with each gas phase were compared with those of control groups of cells exposed to the same gas phase, but without halothane or enflurane. In the second group, the concentrations of halothane (1%) and enflurane (2%) and the durations of exposure (3-6 h) reproduced conditions similar to clinical practice: the carrier gas mixture (50% nitrous oxide in oxygen) was similar to that used in anaesthetic practice.
Cell vitality was estimated by measuring ATP content by the bioluminescence method of Mac Elroy as modified by Voisin and colleagues (1977) . On account of variations in the ATP concentrations between cell pools, it was necessary to compare the effect of the anaesthetics on cells from the same animal A 3-h period was required, after the beginning of the gas phase, before the cells could be exposed to the anaesthetics to avoid variations resulting from the collection and selection of macrophages. The macrophages lying on the Gelman's membrane were stamped out and introduced to a test-tube containing 1 ml of 90% dimethylsulphoxide (DMSO) water solution. After agitation, 5 ml of a buffer pH 7.4 containing morpholino propane sulphonic acid 0.01 mol litre" 1 and magnesium sulphate 0.016 mol litre" 1 was added. ATP could be estimated immediately, or extracts could be stored at less than -20 °C for several weeks, if necessary. The dosage was based upon the reaction of lucif erin with ATP and the oxidation of the adenine-lucif erin complex by lucif erase giving adenyloxyluciferin, water and releasing photons. The light intensity produced was proportional to the ATP. The bioluminescence was measured by a PICO ATP apparatus (Jobin Ivon). The lucif erin-luciferase reagent was obtained from firefly dry abdomen (Photinut pyralis) according to Laborde's method. An. injection of this reagent in the test tube containing the ATP cellular extract was carried out in a completely dark room. A photo multiplicator recorded the light emission and amplified the signal. The ATP concentrations were estimated by a titrated addition method, which accounts for a possible modification of light emission by the cellular extracts. The comparison between the cellular extracts exposed to the anaesthetics and controls avoided errors resulting from inhibition of light emission by the cellular extracts. The level of detection and its reproducibility were 10 and 50 pg of ATP, respectively.
To demonstrate the effects of the anaesthetic agents on cells, a cytotoxicity index was used, which corresponded to the percentage variation in ATP content of exposed cells, compared with the ATP content of control cells, measured at the same time of culture in the gas phase (Voisin, Aerts and Tonnel, 1979; Voisin et al., 1981) . In contrast to Hammer's investigations, where a link between albumin and halothane is possible our data, obtained by direct exposure of the cells to the anaesthetic gas, are not subject to experimental artefacts as a result of the presence of liquid anaesthetics. Welch (1983) has demonstrated in similar conditions that a quenching of the light emission did not follow exposure to halothane. When means were compared between different cellular groups, Cochran's test was used even for small numbers of samples. Wilcoxon's test for paired series was used when all the variations were in the same direction.
RESULTS
The toxicity of oxygen per se, significant at a concentration of 95% (Aerts and .Voisin, 1981) was small at lower concentrations (-2.9± 18 at 60%). Following prolonged exposure (24 h) the toxicity index of the 5% halothane-in-air mixture (31.2±8.3) was significantly (P<0.01) greater than that of 5% enflurane (12.7 ± 6.6) under similar conditions. In the 60% oxygen mixture the toxicity index of halothane increased compared with the control group (65 ± 6.6) in air while that of enflurane remained similar to the value obtained in air (15.4 ± 16.9) ( fig. 1) . After 14 h exposure, the toxicity index of the halothane-air mixture was 29.4±7.7. The toxicity index was also investigated under conditions similar to those encountered during clinical anaesthesia ( fig. 2) . Halothane 1% and 2% enflurane were added to a 50% nitrous oxide-oxygen mixture. After 3 h exposure, the toxicity index of the anaesthetic mixture was 0.4±3.3% for halothane and 2.17 ±4.2% for enflurane, compared with cell controls exposed to air. There was no statistically significant difference between halothane, enflurane and control groups. After 6 h exposure, the toxicity index of the halothane group increased markedly (31.3 ±9.65%), more than the enflurane group (17 ±20%), but with a greater dispersion of the values (i>= 0.05). Nitrous oxide exposure produced toxicity only after long term exposure: the toxicity index of nitrous oxide was 22.0± 15.7% after 24h exposure of alveolar macrophages to a 50% mixture of nitrous oxide in air, compared with a control mixture of oxygen-nitrogen-carbon dioxide 4:15:1.
DISCUSSION
Halothane and enflurane modify in vitro the toxicity index of guineapig alveolar macrophages. The toxicity index, based on ATP cell measurement, can be considered a good test of cell viability. These investigations in gas phase allow direct contact between the macrophages and the anaesthetics, mimicking conditions in the alveoli, whereas studies involving anaesthetics in the liquid phase are quite different from clinical conditions. Moreover, interactions between the anaesthetics in the liquid phase and the components of the medium, such as albumin, are additional reasons for the differences between our results on the ATP content of the cells exposed to halothane and those obtained by Hammer and Rannels (1981) . However, it is not possible to transpose quantitatively the results of the in vitro investigations to the in vivo effects of inhaled halogenated anaesthetics, for a number of reasons. First, in vivo the solubility of anaesthetics in the secretions lining the respiratory tract must be considered. Second, the variations in anaesthetic concentrations at the different levels of the respiratory tract could affect cells differently, and third, the renewal of the cells in the air space. There is evidence that the administration of high concentrations of halothane and enflurane alone, for long periods, decreased the ATP content of macrophages, and that the toxicity index for halothane was significantly greater than that for enflurane. The addition of oxygen increased the toxicity index of enflurane slightly and that for halothane markedly. This increase does not seem to be related to the toxicity of oxygen per se at this concentration (-2.9± 18), but to a potentiation of the halothane toxicity. The wide dispersion of results obtained during exposure to oxygen correlated with wide variations in superoxide dismutase macrophages activity from nnimal to animal (AertS and Voisin, 1981) . A wider variation in results was obtained with enflurane-exposed macrophages in the oxygenadded mixture ( fig. 1) . The halothane toxicity index appears to result from a decrease in protein synthesis (Hammer and Rannels, 1981 ) and could be attributable to an increased production of superoxide ions. We have not investigated the recovery of the cells, but according to Welch (1983) any alteration in viability is temporary, and may only occur during exposure to anaesthetic agents.
Under normal clinical conditions, the toxicity of halothane and enflurane for alveolar macrophages seems to be absent after 3 h of exposure. The addition of nitrous oxide, which possess it own toxicity (22 ± 15.7 after 24 h exposure to a 50% nitrous oxide in oxygen mixture) does not augment this toxicity in the short term. After 6h exposure the halothane toxicity index increased markedly, and was significantly greater than that for enflurane. Thus, the toxicity of halogenated anaesthetics appears to de-velop over a few hours. We believe that this method allows an original approach to the actions of halo genated anaesthetics on cell function. Se llevaron a cabo investigaciones respecto de la toxicidad potendal de anesteticos con base de halotano sobre la inmunidad celular en macrofagos de cochinillos de la India en fase gaseosa mediante la medicion de la concentracion de trifosfato 5' de adenosina (ATP) en los macrofagos. Se obtuvo un indice de toxiddad (TT) al comparar la concentracidn de ATP en los macrofagos expuestos al vapor o al gas con la de las celulas de control. El TI para el halotano al 5% en aire era despues de 24 h de 31,2 ±8,3%. El TI para cl enflurano al 5% en aire era de 12,7±6,6% (P<0,01). En una mezda de gas enriquecida con oxigeno (al 60%), el TI del halotano aumentd hasta 65 ±6,6%, mientras que el del enflurano permanecio en 15,4 ±16,9% (P<0,01). En los macrofagos expuestos al halotano al 1% o al enflurano al 2%, en oiido nitroso al 50% en oxigeno, durante 3 y 6h, el TI del halotano (0,4±3,3%) y el TI del enflurano (2,5 ± 4,1 %) no difirieron dc manera significante en comparacion con d grupo de control a las 3h. Sin embargo, despues de una exposicion de 6h, el TI del halotano (31,3±9,6%) y el TI del enflurano (17 ± 20%) diferian (P= 0,05) con respecto al grupo de control. Se concluye que la administracion prolongada de altas concentraciones de halotano y de enflurano solos reducen la concentracion de ATP en los macrofagos. Una alta concentracion de oxigeno en la mr^l" dc gas hizo aumentar dc manera significante el TI del halotano.
